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Introduction
Lateral epicondylitis, also known as tennis elbow, is 
a condition that is characterized by pain over the lateral
humeral epicondyle. Pain is usually aggravated by resis-
ted wrist or middle finger extension, or when grasping
an object [1,2]. Repetitive strain-induced degenerative
changes in the extensor muscle group are suspected to
be the main cause of the condition [3–5]. The general
clinical management of lateral epicondylitis includes med-
ication, electrophysical modalities, exercise, orthotics
and surgery [6,7]. The treatments aim at reducing pain,
regaining muscle strength and resuming normal daily
activities. Electrophysical modalities such as ultrasound
have been found to enhance tissue healing in vitro [8].
It is also a commonly used modality to treat lateral epi-
condylitis, but a study has shown that the effectiveness
of ultrasound in the treatment of lateral epicondylitis
was no better than with exercise therapy [9]. An exer-
cise programme, however, usually requires a long time
to produce significant benefits [10]. It is worth explor-
ing whether or not an electrical modality can be used as
an adjunct treatment with exercise therapy to accelerate
the healing process of lateral epicondylitis.
Microcurrent therapy is a modality that is character-
ized by the use of low intensity current. Unlike conven-
tional electrical stimulation that delivers current in the
milliampere range, the current output of microcurrent
machines is in the microampere range. Thus, the stimu-
lation is perceived at the subsensory level. The low current
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output is similar to the biological current that is naturally
found around an injured site, which can enhance tissue
healing [11]. The effectiveness of microcurrent therapy in
the management of different painful conditions and 
in the promotion of wound healing has been examined
in some previous studies. There is some evidence to
support the use of microcurrent in enhancing tissue
strength from in vitro studies [12,13]. However, there is
limited evidence to support the use of microcurrent in
the management of painful conditions.
A crossover study done by Johannsen and co-workers
evaluated the effectiveness of microcurrent therapy in
patients with lateral epicondylitis [14]. Sixteen subjects
were divided into two groups, who received either real
microcurrent or sham treatments over a period; the treat-
ments were then reversed afterwards for the two groups.
Significant improvements in grip strength and pain re-
duction (p < 0.05) were shown in the real microcurrent
treatment group, while a decrease in grip strength and
an increase in pain score were seen in the sham treatment
group. Although the between-group difference was sta-
tistically significant, the improvements were so small that
they might have been clinically insignificant. Moreover,
the blinding of the study was questionable as subjects
actually experienced a tingling sensation when they
received the real treatment, which might have been
due to the high frequency stimulation current adopted
by the Rebox machine, which was up to 5,000 Hz. 
This was the only published study on microcurrent
stimulation in the management of lateral epicondylitis,
but the parameters of stimulation were also not fully
documented.
Tan et al studied the effects of microcurrent stimulation
via cranial probes and probe electrodes on pain severity,
psychological distress and life disability in patients with
neuromuscular pain [15]. Theirs was a double-blinded,
controlled, crossover design. Every subject had a course
of treatment followed by a 2-month washout period,
and then another course of microcurrent treatment fol-
lowed by another 2-month washout period. Outcome
measures were taken at the beginning and end of each
treatment period. No significant group difference was
found in pain severity, psychological distress and dis-
ability between subjects who received real and sham
treatment. However, the treatment parameters used in
that study were not standardized, and the total number
of treatment sessions also varied in different subjects 
as it depended on their availability to attend the clinic.
Moreover, the diagnoses of the subjects were not men-
tioned. It would be difficult to compare the overall treat-
ment effectiveness for patients suffering from various
types of painful conditions.
Chapman-Jones and Hill compared the effectiveness
of microcurrent and conventional treatments for the
management of chronic Achilles tendinopathy [16].
Forty-eight subjects who suffered from Achilles tendon
pain for more than 3 months participated in the study.
Twenty-four subjects received microcurrent anode stim-
ulation of 40 mA, 10 Hz for 30 minutes daily for 14 days.
The others received various conventional therapies, but
the details of the therapies were not clearly docu-
mented. Both groups also received standard treatment
regimens of eccentric, progressive gastrocnemius and
soleus strengthening and stretching exercises. Outcome
measures included pain level, stiffness and subjective
impression of the successful level of the treatment pro-
gramme. Significant improvements were reported in all
outcome measures (p < 0.001) for the group treated with
microcurrent. Although positive results were shown in
the microcurrent group, the authors admitted that the
non-standardized conventional therapies could be a pos-
sible source of error. Moreover, the baseline general
assessment score for the experimental group was signif-
icant higher than that of the control group.
The present study aimed to determine if the addition
of microcurrent therapy would enhance the treatment
effectiveness of exercise therapy for the management of
lateral epicondylitis in terms of mechanical-pain thresh-
old, pain-free handgrip, maximum handgrip and visual
analogue scale.
Methods
Subjects
Sixteen subjects (3 males, 13 females; mean age, 
45.3 years; age range, 30–50 years) who were diag-
nosed with lateral epicondylitis or tennis elbow were
recruited from a local outpatient clinic. The criteria for
inclusion were lateral humeral epicondyle pain that had
lasted for at least 3 months and pain that was provoked
by resisted active wrist and middle finger extension as
well as passive movement using Mill’s manoeuvre. The
exclusion criteria were elbow osteoarthritis, cervical
spondylosis, radial nerve entrapment and shoulder ten-
donitis. Subjects with a history of direct trauma to the
elbow or previous episode of lateral elbow pain and
those who had received prior steroid injection were also
excluded.
Treatment procedures
A single-blinded, randomized controlled study was used.
After informed consent was obtained, demographic data
including age, gender and duration of lateral epicondyli-
tis were recorded. Subjects were randomly allocated to
receive either microcurrent therapy and exercise, or
exercise therapy alone. Participants were blinded as to
whether they received microcurrent and exercise or
exercise therapy alone. The Precision Micro™ (Precision
Electronics, Montclair, CA, USA) was used to provide
microcurrent therapy. The Precision Micro™ device deliv-
ers a frequency of 0.3 Hz to 30 Hz, with the waveform
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in square wave pulse (50% duty cycle), and produces
up to a maximum of 50 V DC.
Subjects were put in a sitting position, with the
upper arm resting on the treatment table. The shoulder
was slightly abducted, the elbow kept at 90° flexion and
the forearm pronated. Three microcurrent application
techniques were adopted, including Search and Treat,
Enhanced Tissue Repair and Golgi Tendon Organ techniques.
The dosage, frequency and current intensity adopted in
this study were based on the manufacturer’s recommen-
dations [17]. Bony landmarks and skin crease were used
to locate treatment points to standardize the application
of the techniques.
Outcomes were assessed in the first treatment session
(baseline measurement), at the end of week 1, week 2,
week 3 and at the 3-week follow-up session. A home
exercise programme of stretching and isotonic strength-
ening exercise of the wrist flexors and extensors was
taught to all subjects after the treatment. To ensure com-
pliance with the exercise, a pamphlet was provided to
every subject, and they were asked to record in the form
after completion of exercise everyday.
Outcome measures
The mechanical-pain threshold was assessed with a
pressure algometer according to previously reported
procedure [18]. To standardize the point to be tested, 
a point was marked on the tip of the lateral epicondyle.
Continuing pressure through the tip of the algometer
was applied perpendicular to the skin at a rate of 1 kg/
cm2/s. The exertion of pressure was stopped when the
subject began to feel pain and the pain threshold was
recorded in kg/cm2.
Pain-free handgrip and maximum handgrip were
assessed with a hydraulic hand dynamometer. Patients
were tested in a standing position. For pain-free hand-
grip assessment, they were asked to squeeze the dyna-
mometer slowly until pain was felt. After a 10-minute
rest, maximum handgrip tests were performed. Subjects
were asked to squeeze the dynamometer as hard as
possible. Three trials of measurements were taken with
a 20-second rest between each trial. The mean value of
the three trials for both pain-free handgrip and maximum
handgrip were used for data analysis.
A visual analogue scale (VAS) that consisted of a 
10-cm horizontal line with “no pain” anchored to the
left and “pain as bad as it could be” to the right was used
to record the subjective intensity of pain when assessing
maximum handgrip [19]. The subjective level of pain
was assessed immediately after the maximum handgrip
test to eliminate any effect of memory.
Data analysis
Data analysis was performed using SPSS version 12 (SPSS
Inc., Chicago, IL, USA). Baseline characteristics between
groups were examined with the independent t test.
General linear model of repeated measures was adopted
to test for any group differences between the microcur-
rent plus exercise and exercise alone groups, and the
changes over time. When significant interactions between
“session” and “group” were found, subsequent analyses
were made separately for the two groups across ses-
sions. If significant within-group differences were found,
post hoc pair-wise comparisons followed. The level of
significance (alpha) for all tests was set at 0.05.
Results
The demographic data and baseline measurements of
the subjects are shown in Table 1. There was no signifi-
cant difference in mean age between the microcurrent
plus exercise and exercise alone groups (p = 0.574). In
addition, no significant between-group differences were
found in any of the outcome measures at baseline (all
p > 0.05).
Mechanical-pain threshold across treatment
sessions
The mean and standard deviations of mechanical-pain
threshold for the two groups across treatment sessions
are shown in Table 2. A significant within-group differ-
ence was found only in the microcurrent plus exercise
group, with a 44.91% increase in mechanical-pain
Table 1. Descriptive statistics and baseline data of participants*
Microcurrent + exercise (n = 8) Exercise alone (n = 8) p†
Age (yr) 44.44 ± 2.79 45.44 ± 4.42 0.574
Male/Female (n) 2/6 1/7
History of elbow pain (mo) 6.11 ± 4.43 5.78 ± 4.24 0.872
Mechanical-pain threshold (kg/cm2) 2.57 ± 1.34 2.60 ± 1.23 0.328
Pain-free handgrip (kg) 11.56 ± 12.21 11.47 ± 4.78 0.492
Maximum handgrip (kg) 17.55 ± 15.36 18.00 ± 6.16 0.468
Visual analogue scale (cm) 5.63 ± 1.62 6.19 ± 1.60 0.234
*Data are presented as mean ± standard deviation; †p values are for between-group differences at baseline.
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threshold over time. The exercise alone group showed
no significant change in mechanical-pain threshold over
time. However, the between-group difference was not
significant (p = 0.734).
Pain-free handgrip across treatment sessions
The mean and standard deviations of pain-free hand-
grip for the two groups across treatment sessions are
shown in Table 3. There was a trend of increasing pain-
free handgrip in both groups across sessions. For the
microcurrent plus exercise group, the mean pain-free
handgrip increased from 11.56 kg at baseline to 13.66 kg
at the 3-week follow-up, which was an increase of
18.21% over the study period. On the other hand, the
mean pain-free handgrip increased from 11.47 kg at
baseline to 15.59 kg at the 3-week follow-up session in
the exercise alone group, which was an increase of
35.89% over the study period. However, no significant
difference in pain-free handgrip was found between the
two groups (p = 0.837).
Maximum handgrip across treatment sessions
Table 4 shows the mean and standard deviations of
pain-free handgrip for the two groups across treatment
sessions. Increases in maximum handgrip were found
for both the microcurrent plus exercise and exercise
alone groups. However, no significant between-group
difference (p = 0.805) or within-group difference (p > 0.05
in both groups) were demonstrated.
VAS scores across treatment sessions
The mean VAS scores for the two groups across treat-
ment sessions are shown in Table 5. A trend of decreas-
ing VAS pain scores were observed in both groups. For
the microcurrent plus exercise group, the VAS pain
score decreased from 5.63 at baseline to 5.2 at the 3-week
follow-up, which was a total decrease of 7.17%. In the
exercise alone group, the VAS pain score decreased from
6.19 at baseline to 5.43 at the 3-week follow-up, which
was a 12.21% decrease over the study period. However,
there was no significant between-group difference
(p = 0.451).
Discussion
The present study is the first randomized controlled
trial to evaluate the effectiveness of the addition of
Table 2. Mechanical-pain threshold across treatment sessions*
Mechanical-pain threshold (kg)
Microcurrent + exercise Exercise alone
Baseline 2.57 ± 1.34 (0%) 2.84 ± 1.23 (0%)
Week 1 3.04 ± 1.47 (18.31%) 2.92 ± 1.66 (2.63%)
Week 2 3.28 ± 1.14 (27.42%) 3.34 ± 1.76 (17.37%)
Week 3 3.57 ± 1.48 (38.69%) 3.03 ± 1.10 (6.37%)
Follow-up 3.73 ± 1.24 (44.91%) 3.02 ± 1.22 (5.98%)
p (within-group) 0.038 0.386
p (between-group) 0.734
*Data are presented as mean ± standard deviation, and values in parentheses are percentage changes with respect to baseline 
(positive values indicate an increase in mechanical-pain threshold).
Table 3. Pain-free handgrip across treatment sessions*
Pain-free handgrip (kg)
Microcurrent + exercise Exercise alone
Baseline 11.56 ± 12.21 (0%) 11.47 ± 4.78 (0%)
Week 1 12.67 ± 13.72 (9.61%) 13.40 ± 6.59 (16.79%)
Week 2 13.41 ± 14.82 (16.03%) 14.84 ± 6.41 (29.37%)
Week 3 14.20 ± 16.08 (22.92%) 15.40 ± 5.24 (34.22%)
Follow-up 13.66 ± 15.56 (18.21%) 15.59 ± 6.3 (35.89%)
p (within-group) 0.377 0.069
p (between-group) 0.837
*Data are presented as mean ± standard deviation, and values in parentheses are percentage changes with respect to baseline 
(positive values indicate an increase in pain-free handgrip).
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microcurrent therapy to exercise therapy for enhancing
the treatment effects of exercise therapy in the man-
agement of lateral epicondylitis. Our findings showed 
a trend of improvements in all of the outcome meas-
ures for both groups. However, as no significant differ-
ences were found between groups, it would appear that
microcurrent therapy provides no additional benefit
over that of exercise therapy alone for the management
of lateral epicondylitis. This contradicts the findings of
Johannsen et al [14], who reported a significant im-
provement in grip strength and pain score after subjects
received microcurrent therapy. However, the present
study combined microcurrent treatment with a standard-
ized exercise programme, which was not the case in
Johannsen et al’s study. The treatment effects observed
in the control group in the present study may be attrib-
uted to the exercise therapy. Also, machine type and
choice of frequency of stimulation were different between
the two studies.
Mechanical-pain threshold
Tenderness on palpation at the origin of the wrist exten-
sor muscle is the main clinical presentation of lateral
epicondylitis. However, quantitative measurement of
pain threshold on the lesion area is usually lacking in
clinical settings. Benjamin and co-workers adopted the
mechanical-pain threshold measurement as one of the
outcome measures for lateral epicondylitis patients [20].
The most tender area was palpated first and the pain
threshold measured with a pressure algometer. They
concluded that mechanical-pain threshold is a sensitive
outcome measure for lateral epicondylitis patients. Smidt
et al measured the interrater reproducibility of the
mechanical-pain threshold for lateral epicondylitis pa-
tients [18]. In the present study, we made a mark on
the lateral epicondyle so as to standardize the location
for testing the mechanical pain threshold for all subjects
in all sessions as the most tender area might vary from
one session to the next. The microcurrent plus exercise
group demonstrated a significant increase in mechanical-
pain threshold from baseline to week 1 (18.3%). A further
increase in mechanical-pain threshold was demonstrated
in the first 3 weeks (38.69%). Khan et al suggested that
exposure to repetitive mechanical load may lead to 
a failure of healing of soft tissue [21]. The use of
microcurrent therapy was suggested to enhance the
Table 4. Maximum handgrip across treatment sessions*
Maximum handgrip (kg)
Microcurrent + exercise Exercise alone
Baseline 17.55 ± 15.36 (0%) 18.00 ± 6.16 (0%)
Week 1 18.83 ± 15.83 (7.29%) 17.96 ± 6.38 (−0.25%)
Week 2 18.89 ± 15.45 (7.60%) 20.39 ± 7.12 (13.28%)
Week 3 17.94 ± 15.96 (2.18%) 21.37 ± 5.57 (18.71%)
Follow-up 18.66 ± 14.78 (6.27%) 20.97 ± 8.9 (16.51%)
p (within-group) 0.439 0.211
p (between-group) 0.805
*Data are presented as mean ± standard deviation, and values in parentheses are percentage changes with respect to baseline 
(positive values indicate an increase in maximum handgrip).
Table 5. Visual analogue scale scores across treatment sessions*
Visual analogue scale score (cm)
Microcurrent + exercise Exercise alone
Baseline 5.63 ± 1.62 (0%) 6.19 ± 1.60 (0%)
Week 1 5.21 ± 2.26 (–7.37%) 6.5 ± 1.99 (5.03)
Week 2 5.05 ± 2.39 (–10.27%) 6.27 ± 1.55 (–1.26%)
Week 3 5.50 ± 2.36 (–2.29%) 5.53 ± 2.23 (–10.59%)
Follow-up 5.22 ± 2.27 (–7.17%) 5.43 ± 2.21 (–12.21%)
p (within-group) 0.311 0.209
p (between-group) 0.451
*Data are presented as mean ± standard deviation, and values in parentheses are percentage changes with respect to baseline 
(negative values indicate a decrease in visual analogue scale scores).
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healing process [11]. The greater increase in pain thresh-
old in the microcurrent plus exercise group might be
due to the effect of microcurrent stimulation.
A fluctuating pattern in mechanical-pain threshold
was seen in the exercise alone group. A 17.37% im-
provement was observed from baseline to week 2;
however, the pain threshold reduced thereafter. There
was a net total improvement of 5.98% noted at the 
3-week follow-up session compared to baseline. Note
that both groups had received the same exercise pro-
gramme. A decrease in mechanical-pain threshold over
the lesion area might be due to an increase in blood cir-
culation and stimulation of mechanical receptors around
the lesion area.
Pain-free handgrip
Both groups demonstrated an increase in pain-free
handgrip, but the within-group and between-group dif-
ferences were not significant. Our findings seem to sug-
gest that the addition of microcurrent to exercise therapy
did not further enhance the treatment effects of exercise
therapy alone on pain-free handgrip.
Stretching and strengthening exercises are standard
treatments in the management of lateral epicondylitis
patients [1,2,6,7,22]. Exercise therapy alone can signif-
icantly improve handgrip, range of motion and function
[9,10], but the mechanisms by which it does this are
unknown. Sölveborn and Olerud reported a decrease in
elbow extension and wrist flexion in lateral epicondyli-
tis patients [23]. Stretching exercises might stimulate
the mechanical receptors over the lesion area and lead
to an analgesic effect, and thus the increase in flexibility
of the muscle might exert less tension on the common
extensor origin. Progressive strengthening exercises
might enhance blood circulation, promote tendon heal-
ing and gradually rebuild muscle strength. Consequently,
handgrip function is gradually rebuilt.
Maximum handgrip
Both groups showed an improvement in maximum
handgrip but no significant between-group difference
was found. The results for maximum handgrip were
not in parallel with that for pain-free handgrip. The dif-
ference might be due to psychological factors such as
pain avoidance behaviour by subjects during testing.
Pienimäki et al compared the effects of an exercise pro-
gramme including stretching and strengthening to the
use of ultrasound [9]. After 6–8 weeks of exercise train-
ing, they found a 12.2% increase in maximum hand-
grip in the ultrasound group, which was similar to that
of the exercise alone group.
VAS
Reduction in pain score during maximum hand grip-
ping was found in both groups, although the between-
group difference was not significant. The reliability of
the pain score is dependent on whether a subject had
made maximal effort in gripping or if the subject had
avoided pain by giving a submaximal effort. Although
both groups showed decreasing trends in VAS scores,
the exercise alone group perceived an increase in pain
during the maximum handgrip test from baseline to
week 1. The increase in pain could be exercise-induced,
and it took some time for the exercise alone group to
adapt. Interestingly, this increasing pain phenomenon
was not found in the microcurrent plus exercise group.
Perhaps microcurrent therapy contributed to pain con-
trol in this group of patients. VAS scores were also
adopted as an outcome measure of lateral epicondylitis
in Svernlöv and Adolfsson’s study [10]. They demon-
strated a decrease in VAS from 2.9 cm to 0.6 cm after 
a 3-month exercise therapy programme. In contrast, the
present study involved a much shorter period of exer-
cise therapy (6 weeks). In addition, the present study
was performed with a small sample size, which is a key
limitation. The use of a larger sample size is indicated
for further research.
Conclusion
We found no significant difference between the
microcurrent plus exercise group and the exercise alone
group with regard to the mechanical-pain threshold,
pain-free handgrip, maximum handgrip and pain at
maximum handgrip tests. Exercise therapy alone seems
to be an effective clinical management of lateral 
epicondylitis.
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